M
any cardiovascular disorders including ischemic heart disease and heart failure are associated with extensive fibrosis. A critical event in the development of cardiac fibrosis is the transformation of fibroblasts into an active fibroblast phenotype or myofibroblast. 1 Myofibroblasts, which are not present in healthy cardiac tissue with the exception of the valve leaflets, express vimentin, ␣-smooth muscle actin (␣-SMA), and collagen types I, III, IV and VIII, and have morphological and biochemical characteristics in between those of fibroblasts and smooth muscle cells. [2] [3] [4] The exact functional changes that occur as a consequence of cardiac fibroblast activation are beginning to be understood; however, limited information is available on the cellular electrophysiological effects of this process. The available in vitro electrophysiological studies investigating fibroblast membrane currents and intercellular coupling with myocytes have been performed using cells isolated from normal hearts and cultured to express myofibroblast markers. Fibroblasts grown under standard tissue culture conditions, ie, on a hard substrate and in the presence of serum begin expressing the myofibroblast marker ␣-SMA 24 to 48 hours after isolation. [5] [6] [7] However, there is significant evidence in the literature indicating in vitro phenotypic changes as a consequence of culture conditions do not fully replicate the in vivo activation process. In this regard, cultured fibroblasts obtained from normal and fibrotic hearts exhibit differences in proliferation, migration, adhesion, collagen synthesis, response to cytokine treatment, and expression of ␣-SMA, collagen I, and natriuretic peptide receptors. 8 -10 Given that the behavior of cardiac fibroblasts differs depending on whether they originate from normal or pathological tissue, it is important to examine how fibroblast activation manifests into potential arrhythmogenic consequences in the diseased heart.
Fibroblasts have been traditionally considered to affect cardiac electrophysiology indirectly, by creating collagenous septa that electrically isolates myocytes, producing slow meandering wavefronts. 11 However, available in vitro and in vivo evidence suggests gap junctional coupling between fibroblasts and myocytes in the heart is a distinct possibility. 7, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] Fibroblasts act as current sinks and impose an electrical load when electrically coupled to myocytes. In addition, the resting membrane potential of fibroblasts has been shown to be more positive relative to myocytes 18 and may become more hyperpolarized with activation. 22 When coupled to myocytes, differences in fibroblast membrane conductance could influence myocyte resting membrane potential (RMP) and sodium current availability. Modeling and experimental studies have suggested increased fibroblast-myocyte coupling leads to changes in action potential duration (APD), electrotonic depression of myocytes, arrhythmogenic excitability gradients, altered conduction, and unidirectional block. 7, 21, [23] [24] [25] [26] [27] [28] [29] The purpose of this study was to investigate functional changes in fibroblast-myocyte interactions in response to cardiac injury. Our findings demonstrate myocardial infarction (MI) triggers important changes in the electrical phenotype of fibroblasts that enhance fibroblast-myocyte interactions and could contribute to the greater incidence of arrhythmias observed in fibrotic hearts. These findings may lead to the development of new antiarrhythmic therapeutic approaches targeting the fibroblast activation process.
Methods
A detailed description of the materials and methods used in this study is included in the expanded Methods section, available in the Online Data Supplement at http://circres.ahajournals.org. All procedures complied with the standards for the care and use of animal subjects as stated in the Guide for the Care and Use of Laboratory Animals (NIH publication no. 85-23, revised 1996), and protocols were approved by the Institutional Animal Care and Use Committee of the New York University School of Medicine.
Myocyte Isolation and Culture
Ventricular myocytes from neonatal (0 to 2 days old) WistarHannover rats were isolated and cultured as described previously. 30 Myocytes were plated at a density of 1.8ϫ10 3 cells/mm 2 on collagen-treated Petri dishes for optical mapping experiments. Myocytes were plated at lower densities for immunocytochemistry and gap fluorescence recovery after photobleaching (gap-FRAP) experiments. Confluent myocyte monolayers were treated with fibroblast conditioned media (CM) or coated with fibroblasts 16 to 20 hours before optical mapping experiments as described below. Cells were optically mapped 4 days after isolation.
MI Model
MIs were produced in male Wistar-Hannover rats (Charles River Laboratories) weighing 150 to 300 g by ligation of the left anterior descending coronary artery (LAD) as described previously. 31 Cells were isolated from the infarcted hearts 7 to 8 days after the surgical procedure. This time point was selected based on previous studies that showed cellular phenotypic changes associated with fibroblast activation are elevated 7 days after infarction. [32] [33] [34] [35] Only hearts with visible transmural infarcts were included in the study.
Fibroblast Isolation
Cardiac fibroblasts were isolated from the whole ventricles of operated (MI-Fb) and age-matched normal (Fb) rats using a previously described protocol. 36 The cells used in all experiments were restricted to passages 1 to 3 or a month after the isolation date and had already undergone the characteristic in vitro phenotypic changes attributable to culture conditions. In addition to cultured fibroblasts, freshly isolated Fb and MI-Fb were also used for immunoblots. The purity of fibroblast cultures was confirmed by microscopic inspection of cellular morphology and immunostaining using antivimentin, anti-␣-SMA, anti-desmin, and anti-von Willebrand factor antibodies.
Conditioned Media and Fibroblast Coating
Fb and MI-Fb were trypsinized and plated in 60 mm Petri dishes at a density of 200 cells/mm 2 using 4 mL of 5% FBS medium with 0.1 mmol/L bromodeoxyuridine (BrdUrd). After 16 to 20 hours, the media were collected and used undiluted as conditioned media (Fb CM and MI-Fb CM, respectively). Confluent myocyte monolayers were coated with fibroblasts 3 days after isolation. Fibroblasts were trypsinized and resuspended in 5% FBS medium with BrdUrd. Live (trypan blue negative) cells were counted and plated on top of confluent myocyte monolayers at densities of 200, 400, and 600 cells/mm 2 16 to 20 hours before the optical mapping experiments. The number of cells used to generate the CM was the same as the number of fibroblasts plated on top of myocyte monolayers at the 200 cells/mm 2 density. Untreated homocellular myocyte monolayers (Myo) were used as control.
Optical Mapping
Conduction velocity (CV) and action potential duration at 70% repolarization (APD 70 ) of the cultures were assessed using high resolution optical mapping. Mapping was performed on an upright microscope (Olympus BX51WI) equipped with a reflected light fluorescence attachment, a 100-W mercury arc lamp and a CMOS camera (MiCAM ULTIMA, SciMedia). Recordings were made at 250 frames per second with 14-bit resolution from a 100ϫ100 pixel 
Immunoblotting and Immunocytochemistry
Western blotting was used to determine differences in connexin (Cx)43 expression between freshly isolated and cultured Fb and MI-Fb. Differences in ␣-SMA expression between cultured Fb and MI-Fb were also assessed. Freshly isolated samples were obtained less than 24 hours after the initial plating. Cells were lysed in Laemmli sample buffer supplemented with 50 mmol/L NaF, 1 mmol/L Na 3 VO 4 , 1 mmol/L PMSF, and 1ϫ complete protease inhibitors (Roche). 39 Protein concentration was determined using the Lowry assay run in triplicate. Proteins were separated on 10% SDS-PAGE gels and transferred onto nitrocellulose membranes (Bio-Rad Laboratories). Blots were blocked followed by incubation with primary antibodies directed against Cx43 (Sigma), ␣-SMA (Sigma), and GAPDH (Santa Cruz Biotechnology). Primary antibodies were visualized using horseradish peroxidase-conjugated secondary antibodies (Santa Cruz Biotechnology) and chemiluminescent processing. Densitometry measurements of protein levels were performed using the Photoshop software package. Cx43 and ␣-SMA band intensities were normalized to the relative intensity of the corresponding GAPDH band for each cultured sample. For freshly isolated samples, the absolute intensity of Cx43 bands was quantified for equal amounts of total protein loaded (20 g).
Immunocytochemistry was used to assess the purity of the fibroblast cultures and to determine the expression and distribution of Cx43 in heterocellular cultures. Cells were fixed in 3% formalin and blocked with a solution of 2% normal goat serum and 1% Triton X-100 at room temperature. The cells were incubated overnight at 4°C with the primary antibody, rinsed with 1% Triton X-100 and incubated with the secondary antibody at room temperature. The primary antibodies used include anti-␣-SMA (Sigma), anti-vimentin (Sigma), anti-desmin (Sigma), anti-von Willebrand factor (Santa Cruz Biotechnology), and anti-Cx43 (Invitrogen).
Gap-FRAP
Functional intercellular coupling between myocytes and Fb or MI-Fb was evaluated using the gap-FRAP technique. Freshly isolated myocytes were stained with DiI (Invitrogen) and plated at a low density on top of confluent Fb and MI-Fb monolayers in 5% FBS medium supplemented with BrdUrd. A plating fibroblast/myocyte ratio of approximately 30:1 was used for all gap-FRAP experiments. Cells were incubated for 24 to 48 hours after myocyte plating, stained with calcein acetoxymethyl ester (AM) (5 mol/L, 37°C, 15 minutes; Invitrogen), washed and incubated in recording solution for 15 minutes. The gap junction channel blocker carbenoxolone (200 mol/L; Sigma) was used in some cultures to block gap junction communication. Single myocytes that were not in direct contact with other myocytes were bleached in a confocal microscope (Leica SP5) using an argon laser source at 488 nm. The recovery of the 500 to 550 nm fluorescence signal was measured with a ϫ63 objective at varying time intervals for up to 30 minutes. The signal was fitted to a single exponential function using the LevenbergMarquardt nonlinear least squares algorithm. The permeability constant (k) of the fluorescence recovery was calculated as the inverse of the time constant ().
Statistical Analysis
Values are reported and plotted as meanϮSEM. Statistical analysis was performed using 1-or 2-way ANOVA with replication as appropriate when comparing several groups followed by 2-tailed Student's t tests. Two-tailed Student's t tests were used for comparisons of 2 groups. Differences were considered significant at PϽ0.05. The Bonferroni correction was used when multiple statistical tests were performed using the same data set.
Results

Fb and MI-Fb Isolation
Fibroblasts were isolated from the whole ventricles of normal and infarcted hearts 7 to 8 days after LAD ligation surgery. All of the LAD ligated hearts that were used for fibroblast isolation showed transmural lesions and left ventricular wall thinning. The purity of the fibroblast cultures was assessed by immunocytochemistry. See the Online Data Supplement for details.
Conditioned Media Treatment
Confluent neonatal rat myocyte monolayers were treated with Fb CM or MI-Fb CM for 16 to 20 hours before performing the high resolution optical mapping studies. Figure 1 
Heterocellular Cultures
Fb or MI-Fb were plated on top of confluent myocyte monolayers at 3 different densities, 200, 400, and 600 cell/mm 2 , and the cultures were optically mapped 16 to 20 hours later. The plating densities correspond to fibroblast to
Vasquez et al Enhanced Fibroblast-Myocyte Interactions
myocyte ratios of 1:9, 1:4.5, and 1:3, respectively, and were determined from counts of myocytes/mm 2 in confluent myocyte cultures and fibroblast plating densities. 2 . These data demonstrate cardiac injury enhances the ability of fibroblasts to abbreviate APD when present at low cell numbers and modulate conduction properties over a wide range of densities.
Previous studies have shown differences in fibroblast proliferation rates depending on whether the cells were obtained from normal hearts or the infarct region of LAD ligated hearts. 9 Proliferation rates of Fb and MI-Fb cultured in standard medium supplemented with 5% FBS and BrdUrd were not significantly different after a 16 to 20 hour culture period (Fb 1.0Ϯ0.11 and MI-Fb 1.01Ϯ0.08 A.U.; nϭ12). Therefore differences between heterocellular cultures with Fb and MI-Fb cannot be attributed to different fibroblast densities.
Whole Cell Voltage Clamp
Whole cell patch clamp experiments were performed to determine cell capacitance, reversal potential and membrane current density of cultured Fb and MI-Fb. The average cell capacitance was not significantly different between Fb (77.6Ϯ19.4 pF, nϭ5) and MI-Fb (77.4Ϯ19.4 pF, nϭ7). The average reversal potential of MI-Fb (Ϫ51.0Ϯ1.5 mV, nϭ7) was more hyperpolarized compared to Fb (Ϫ32.0Ϯ3.5 mV, nϭ5; Pϭ0.0002). A representative family of currents from individual fibroblasts and average current densities are shown in Figure 5 . Measurement of membrane current densities yielded relatively linear currentvoltage relationships for voltages ranging from Ϫ130 to 30 mV. Outward current densities were greater (PϽ0.05) in MI-Fb compared to Fb for voltages greater than Ϫ70 mV. These data demonstrate that the reversal potential and membrane currents and are altered in MI-Fb.
Connexin Expression and Functional Coupling
Cx43 distribution and expression levels in Fb and MI-Fb were assessed with immunocytochemistry and Western blotting techniques. Figure 6A and 6B shows immunostaining of Cx43 in heterocellular cultures of myocytes and Fb or MI-Fb. Cx43 signal was observed at cell contact areas between neighboring myocytes and fibroblasts in both Fb and MI-Fb cultures. Figure 6C shows a Western blot demonstrating an increase in Cx43 expression levels in cultured MI-Fb compared to Fb. GAPDH was used as a loading control. Figure  6D shows an immunoblot indicating increased Cx43 protein levels in freshly isolated MI-Fb compared to Fb. Quantifications of immunoblots are shown in Figure 6E and 6F. These data indicate that Cx43 expression levels are elevated in cultured (134%, Pϭ0.008) and freshly isolated (35%, Pϭ0.03) fibroblasts in response to cardiac injury.
Intercellular coupling between myocytes and fibroblasts was evaluated with gap-FRAP. For these experiments, myocytes were plated at a low density on top of confluent fibroblast monolayers. This plating configuration was selected to allow for bleaching and recording of fluorescence recovery in the myocytes. Figure 7A through 7F shows micrographs of calcein-AM stained Fb and MI-Fb monolayers with myocytes plated on top. Single myocytes that were not in direct contact with other myocytes were bleached and the recovery of the fluorescence signal was tracked for up to 30 minutes. Figure 7G and 7H shows average recovery curves and permeability constants for myocytes plated on Fb and MI-Fb monolayers. The fluorescence of myocytes recovered after bleaching regardless of the fibroblast source; however the recovery was 81% faster when myocytes were plated on top of MI-Fb (0.56Ϯ0.07 min 
Discussion
Fibroblasts play a major role in wound healing in response to many forms of cardiac injury. Previous studies have identified numerous phenotypic differences between fibroblasts isolated from healthy and diseased hearts. Squires et al 9 demonstrated proliferation rates of fibroblasts isolated from the infarct region were 182% higher compared those obtained from normal controls. Other investigators have shown fibroblasts isolated from normal and infarcted hearts have different natriuretic peptide receptor expression profiles and respond differently to cytokine treatment. 10 Similar functional differences have also been observed in fibroblasts isolated from failing hearts. 8 Finally, there is also evidence demonstrating differences in migration, adhesion properties, collagen synthesis, ␣-SMA expression and ␤1 integrin density. 8 -10 It is important to point out these differences have been shown to be maintained in culture through at least the first four passages. Although there is substantial evidence demonstrating important functional differences between fibroblasts isolated from normal and diseased hearts, the electrophysiological consequences of in vivo fibroblast activation have not been studied until now.
Electrical interactions between myocytes and fibroblasts were initially described in cells isolated from neonatal hearts. 18 More recent studies have demonstrated similar interactions occur between isolated adult myocytes and fibroblasts. 13 Both Cx43 and Cx45 have been found in contact areas between neighboring fibroblasts and myocytes in culture. 7, 13, 18, 21 Gap junctional coupling between myocytes and fibroblasts in culture supports the electrical and mechanical synchronization of myocytes interconnected by fibroblasts. 18 Experiments using optical mapping techniques have shown that fibroblasts serve as sinks for electrotonic current, thereby producing localized slow conduction and decreasing the maximum rate of change of the action potential in the surrounding myocytes. 7, 19 This is the first study to demonstrate cardiac injury is associated with higher fibroblast Cx43 levels resulting in increased functional coupling between isolated myocytes and fibroblasts. The implications of these findings are that myofibroblasts have a significantly greater ability to modulate the electrophysiological substrate than fibroblasts.
Definitive proof of in vivo fibroblast-myocyte coupling in intact cardiac tissue has been difficult to obtain using standard electrophysiological techniques. However, empirical evidence suggests functional electrical coupling between fibroblasts and myocytes can occur. 14, 15 In addition, it has been shown that ventricular myocytes and fibroblasts express Cx43 and Cx45. 40 Cx43 has been shown to be localized at homocellular and heterocellular points of contact, whereas Cx45 is mainly present in fibroblasts and occasionally found between myocytes and fibroblasts. Research into in vivo fibroblast gap junction expression and coupling during pathological conditions has shown that fibroblasts in ventricular infarct scar tissue express Cx45 or Cx43 with spatially and temporally distinct patterns. 17 Cx40 has not been identified in these cells. These data suggest that Cx45 expressing fibroblasts may be involved in electric coupling between fibroblasts and myocytes during the acute remodeling process, whereas Cx43-expressing cells may perform this function at later stages. It is intriguing to speculate the Cx45 and Cx43 populations correspond to the fibroblast and myofibroblast phenotypes.
Fibroblasts can affect cardiac electrophysiology through a number of mechanisms including the release of chemical mediators, deposition of extracellular matrix and through direct electrical coupling with myocytes. 41 The effects of chemical mediators have been studied by treating cultured myocytes with fibroblast conditioned media. LaFramboise et al found that neonatal fibroblast chemical mediators affect the size, contractile capacity and phenotype plasticity of cardiac myocytes in culture. 42 These factors include vascular endothelial growth factor, GRO/KC (growth-regulated oncogene/keratinocyte chemoattractant), monocyte chemoattractant protein-1, leptin, macrophage inflammatory protein-1␣, interleukin (IL)-6, IL-10, IL12p70, IL-17, and tumor necrosis factor-␣. Other studies have suggested the electrophysiological effects of fibroblast conditioned media treatment are minimal. 43, 44 However, the methods used to condition the media are often unspecific with regard to seeding density and duration of treatment. A more recent systematic study of the effects of neonatal fibroblast conditioned media on myocyte electrophysiology demonstrated dose dependent effects on a variety of parameters including RMP, CV and APD. 45 In the present study, treatment with media conditioned 
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with fibroblasts isolated from normal hearts did not significantly affect CV or APD of myocyte monolayers. The lack of electrophysiological effects of conditioned media treatment could be attributable to a number of factors including the dose used, presence of serum or the fibroblast source (adult versus neonatal). On the other hand, treatment with conditioned media obtained from MI-Fb resulted in slower CVs and abbreviated APD compared to untreated myocyte cultures. These data demonstrate cardiac injury significantly alters the profile of paracrine factors released by fibroblasts which could potentially increase arrhythmogenesis in regions of the myocardium where myocytes and myofibroblasts are in close proximity such as the infarct border zone. Plating fibroblasts on top of confluent myocyte monolayers also resulted in significant modulation of myocyte CV and APD. CV and APD modulation has been shown to be dependent on the plating configuration, seeding densities, fibroblast size, fibroblast RMP and coupling levels. 7, 23, 24, 27, 29, 44 For the plating configuration used in this study, CV monotonically decreased in heterocellular cultures of myocytes and fibroblasts isolated from normal hearts with increasing fibroblast density. These data are consistent with several other studies using cultured neonatal fibroblasts at similar myocyte to fibroblast ratios. 7, 20, 27 In heterocellular cultures of myocytes and fibroblasts isolated from infarcted hearts, CV increased at the lowest plating density compared to homocellular myocyte cultures. This increase in CV is caused by partial depolarization of myocytes as a consequence of coupling to fibroblasts with a more positive reversal potential. A similar increase in CV was observed in heterocellular cultures of myocytes and neonatal fibroblasts; however, this effect occurred at lower fibroblast plating densities. The difference in the density of fibroblasts required to increase CV is likely attributable to the more hyperpolarized reversal potential of fibroblasts isolated from infarcted hearts compared to those obtained from normal hearts. In heterocellular cultures with fibroblasts isolated from infarcted hearts, CV also monotonically decreased at higher plating densities. However, CV in these cultures was slower than similar cultures with fibroblasts from normal hearts.
In this study, APD modulation was shown to be dependent on the fibroblast density and source. At the lowest plating density, fibroblasts from infarcted hearts reduced APD compared to myocyte cultures. At higher densities, APD values were prolonged for both fibroblast sources compared to myocyte only cultures. Modeling studies have predicted that given sufficient levels of intercellular coupling and fibroblast numbers, increasing fibroblast density will prolong APD. 27 At similar fibroblasts densities a more negative RMP is expected to shorten APD. At the lowest plating density, cultures with fibroblasts from infarcted hearts had shorter APD values compared to similar cultures with fibroblasts with normal hearts. These data suggest fibroblasts from infarcted hearts have a more negative RMP compared to fibroblasts from normal hearts. This is consistent with the measurements of reversal potentials in fibroblasts isolated from normal and infarcted hearts. In addition, the increased outward membrane currents in fibroblasts isolated from infarcted hearts could also contribute to myocyte APD shortening. Interestingly, this difference in APD values between the 2 fibroblast sources was not observed at higher plating densities. Modeling studies have predicted increases in coupling will result in longer APDs and that this effect is more pronounced at higher fibroblast densities. At the 2 higher plating densities used in this study, the APD prolonging effect caused by increased coupling in the fibroblasts isolated from infarcted hearts dominates over the hyperpolarization induced shortening effect mentioned above. These opposing effects resulted in APD values that are not significantly different between the 2 fibroblast sources.
In summary, the effect of fibroblasts on conduction properties and myocyte APD are highly dependent on density. At low densities, APD decreases and CV is unaltered or slightly increased. As the density of fibroblasts is increased, there is a slight prolongation of APD and a significant CV-slowing effect that is enhanced with cardiac injury. These changes have the potential to significantly alter the substrate for reentrant activation in regions with high myofibroblast densities and highlight the fibroblast activation process as a therapeutic target for the prevention of cardiac arrhythmias.
Study Limitations
There are several limitations of this study. This study relied on in vitro methods. Isolated fibroblasts maintained under standard tissue culture conditions have been shown to undergo a differentiation process, increase in size, and are removed from the mechanical and chemical environment that may regulate function. Culture conditions for all groups in this study were identical; however, further studies would be required to determine whether there is a differential response to the in vitro environment depending on the fibroblast source. This study relied on neonatal myocytes to evaluate the ability of fibroblasts to modulate electrophysiological parameters. Further studies are needed to evaluate the interaction between fibroblasts from infarcted hearts and adult myocytes. Finally, we were not able to identify an appropriate loading control for the freshly isolated fibroblasts that was not significantly altered between fibroblast sources. Appropriate loading controls for ischemic cardiac tissue have not been systematically studied. Several loading controls were evaluated, and all showed statistically significant differences between groups when loading the same amount of protein from freshly isolated samples. This difference in loading controls was not observed in the cultured fibroblasts.
Novelty and Significance
What Is Known?
• Cardiac fibrosis is associated with many forms of cardiovascular disease and is one of the mechanisms that contribute to the development of arrhythmias.
• Fibroblasts can modulate myocyte electrophysiology through a number of mechanisms including the release of chemical mediators, deposition of extracellular matrix, and direct coupling with myocytes.
• Fibroblasts undergo a phenotypic change in response to cardiac injury, resulting in numerous functional changes; however, limited information is available on the cellular electrophysiological effects of this process.
What New Information Does This Article Contribute?
• Cardiac injury alters the profile of paracrine factors released by fibroblasts, resulting in myocyte action potential abbreviation.
• Fibroblasts from infarcted hearts have more hyperpolarized resting membrane potentials and increased outward currents compared with fibroblasts from normal hearts.
• Fibroblast connexin43 levels and intercellular coupling to myocytes is greater in fibroblasts from infarcted hearts, leading to increased electrotonic interactions and enhanced modulation of myocyte electrophysiology.
The underlying mechanisms behind sudden cardiac death remain poorly understood. Fibrosis is associated with many forms of cardiovascular disease, including heart failure, hypertension, myocardial ischemia, atrial fibrillation, and aortic stenosis, and it could be one of the mechanisms that contribute to the development of arrhythmias. Cardiac research has mainly focused on understanding the electrophysiological changes that occur in myocytes, neglecting the potential contribution of changes in other, nonexcitable cells in the heart. Traditionally, fibroblasts have been regarded as passive cells responsible for extracellular matrix production. However, increasing recent evidence suggests that these cells may be involved in the response of the myocardium to mechanical and chemical signals in health and disease. In this study, we investigated the electrophysiological consequences of fibroblast activation and the functional changes in fibroblast-myocyte interactions in response to cardiac injury. This study demonstrates that fibroblast activation is associated with important electrophysiological changes that may facilitate the stabilization of reentrant activation and contribute to the high incidence of arrhythmias observed in fibrotic hearts. These findings suggest that new therapeutic approaches targeting the fibroblast activation process may be beneficial in the prevention of cardiac arrhythmias and sudden death.
